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1 
The present invention relates to phase modu- 
,lators, and is particu]arlydirected toan electro- 
,mechanical phase modulator which is adapted 
for use in frequency modulating a. carrier wave 

2 
which are connected'in series with atuned: cir- 
cuit as shown in Figure 5.' If lhecoi1:on'the 
second former 4, is wound with, the same::,gauge 
of wire:as the coil on the former I the turns0f 

:on the:former I is a coil composed of four wires viation equa] to the modulating frequency and, 
,,which are connected as shown in Figure 4. The 50, as the phase shift-varies inversely as the fre- 
,coi1 is, adapted to be supplied with two phase -qency,. the frequency deviation is equal to that 
. carrent of the same frequency as that of the of the lowest modulating frequency at alï of, the 
carrier wave. Attached to the moving coil 3 of higher frequencies. 
.:the loudspeakermotor is a second former 4 upon ., Movement of the cofl or/.the former 4 through 
.... which ,is wound a coil composed of, two wires 55,:ai distance :equal, to :.hat occupied by one:-wire 

, with intelligence. 
" ,The principal object of the invention is to pro- 
vide-apparatus for wavelength modulating an 
electrical wave in accorda.nce with variations in 
, intensity of a modulating  intelligence. 
 Another object of the invention is to provide 
:an ,efficient transducer for wave]ength modula- 
tion of a carrier signal 
Furtheï objects of the invention will appear 
from the following description. 
'The invention will be described with the aid 
, of ,the drawing accompanying the, specification 
, in which Figures 1 and 2 diagrammatically illus- 
-trate ithe principles underlying the invention, 
Figures 3, 4 and 5 diagrarm'natically illustrate 
one specLic embodiment of the invention, and 20 
Figure 6 shows in greater detail the embodiment 
of the invention illustrated in Figure 3. 
If a rotating magnetie field is produced by 
means of a two phase carrent applied in quad- 
rature to a multipole stator as shown in Figure 25- 
1,:and a coi1 I is placed in the field, an electro- 
motive force of the same frequency as the cur- 
rent wi]l be induced in the  cofl. The phase of 
.this electromotive force may be changed with- 
. out any change in its amplitude by moving the 
cofl in ,an angular manner to a different posi- 
tion. 
It therefore follows that, if the coi1 is caused 
to be rotated ,by a modulating signal, the phase 
change produced would be the product of 360 
degrees and, the number of revolutions of the 
coil. Thus phase changes of many cycles could 
 ,be produced without any amplitude modulation. 
If the poles are arranged in line and repeated 
as: shown in Figure 2 the same result can be oh= 
tained by moving the coi1 along the line of poles. 
One application of the principles i11ustrated 
in Figures 1 and 2 fo the modulation of a car- 
, fier wave is shown in Figure 3. In Figure 3 a 
former I is secured to the centre pole piece 2 of 45 
, a, device for translating audio frequency cur- 
rents into mechanical vibrations such as the 
motor of a moving coi] loud speaker.. Wound 

 5 the ,coil on:the: second: former are preferably 
sPaCed apart a'distance .equal to t:qe thickness of 
the wire. The .tuned circuit may be arranged to 
feed voltage, amp]ifiers: of frequency mu]tip]iers. 
The coi1, on the former I constitutes the: stator 
10 and when two phase currentof a frequency equa] 
. fo: that :0f the', desired carrier frequency.is 
' ptied thereto a magnetic field will travel axially 
along the coil. The c0fl on the.former is the 
, equivalent of the coil shown ,in Figure2 and 
 15- therefore ,,an, electromotive 'force of ', the same 
frequency as.that of the carrier frequency :wfl] 
 be induced .therein. :When-the Coil on th,form- 
er  is driven ,axial]y, by the voice coil,, of..-the 
loudspeaker motor the phase of the induced v01t- 
age will be changed 360 degrees if' the coil :or/"the 
former  is moved through a, distance equal to 
the space occupied,by four adjacent wiresof-the 
cor on the former l. 'Thus-the voltages.induced 
in the coil on the former  will be phase, modu- 
lated. 
Fig. 6, shows a more detailed representtion'0f 
,the arrangement, of Fig. 3. ,In Figure. 6 are 
showr moving voice coil 3, pole piece 2 formers 
I and ,and cofls 15--22. An audio signal am- 
30 plified by an amplifier 3 is aPplied-fo the, voice 
 coil 3 through a transformer 31. A]soshown in 
Fig. 6 are a,coil casë 32, a top plate 33and a field 
coi] 3 of speaker assemb]y 
In order,to convert'phase,modulationdnto fre- 
35 quency modulation, in a,device such as above de- 
scribed the movement of the voice-cofl maybe 
arranged to vary inversely with the frequency. 
This natura]ly follows if the mass of the .moving 
parts such as the moving c6fl 3 and-the coit:on 
40 the former  is sufficiently great to give-them a 
resonance point ata frequency-below:thelowest 
frequencyto be transmitted. 
The extent of the frequency modulation pro- 
duced as a, bove indicated can be derlved aPprox- 
imate]y in a very simple manner. 
A Phase shift of 90 degrees at,a specified mo,d- 
ulating frequency wil] poduce a frequency ,de- 
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3 
of the coil on the former ! produces a phase 
shift of 90 degrees. 
Assuming, for example, a maximum movement 
of the voice cofl of 0.1 inch at the lowest modu- 
lating frequency and the use of wire of say 40 5 
gauge (0.0035 inch) the deviation is 
0.1/0.0035 X lowest frequency 
28.5 ×lowest frequency 
For broadcasting (the lowest frequency being 10 
30 cycles per second) this gives a deviation of 
855 cycles per second, and for communication 
(the lowest frequency being 300 cycles per sec- 
ond) a deviation of 8550 cycles. The movement 
of the voice frequency divided by the ratio of 15 
the highest frequency to the lowest frequency. 
For example, for broadcasting if the movement 
at 30 cycles per second is 0.1 inch at 10,000 cycles 
per second it wfll be only 0.0003 inch. 
This deviation can be still further increased 20 
by reducing the size of the wire or increasing the 
extent of the movement. 
A complete modulator according to the inven- 
tion is a 6 terminal device to which are applied 
the modulating frequency and the carrier fre- 25 
quency. The output of the modulator is fre- 
quency modulated. The modulator may be used 
at almost any frequency without modification 
as all of the tuned circuits are external to the 
modulator. The modulator may be inserted be= 30 
tween any two stages of a continuous wave or 
amplitude modulation transmitter and will fie- 
quency modulate the output. 
The foregoing arrangement may be used to 
produce sine and/or cosine functions of the mod- 35 
ulating frequency in the following manner: 
A carrier wave is app]ied to the coil on the 
former 4. This will cause electromotive forces 
of the frequency of the carrier wave to be in- 
duced in the coil on the former f. The electro- 40 
motive forces induced in one pair of the wires 
constituting the coil on the former ! wfll be 
amplitude modulated by the approximate sine 
function of the modulating frequency whilst the 
electromotive forces induced in the other pair 45 
of the wire constituting the coil on the former 
! will be amplitude modulated by the approxi- 
mate cosine function of the modulating fre- 
quency. The functions may be abstracted by 
demodulation. 50 
In practice if wfll be necessary to ensure that 
no e!ectromotive forces are induced in the cir- 
cuits connected to the cofl on the former 4 from 
the circuits connected to the other coil. This 
may be done by neutralizing the auxfliary cou- 55 
plings between the circuits. 
It is to be understood that various alterations, 
modifications and/or additions may be incorpo- 
rated in the ïoregoing without deparMng from 
the spirit and scope of the invention as defined 60 
by the appended claires. 
Having now described my invention what I 
claim as new and desire fo secure by Letters Pat- 
ent is: 
1. A transducer ïor intelligence and an elec- 65 
trica! wave having wavelength modulation pro- 
portional to variations in the intensity of said 
intelligence, comprising a first coil member hav- 
ing a plurality of coaxial coil elements axially 
ranged in spaced apart relationship and each de- 70 
fining a phase winding, a second coil member 
.concentrically disposed about said first cofl 
member and magneticaliy coupled to said coil 
elements and movable relative thereto, a source 
of polyphase current having a frequency value 7 

4 
equal to the frequency value of said electrical 
wave, means to apply a respective phase of said 
polyphase current to each of said coaxial cofl 
elements, means to produce relative motion be- 
tween said first and second coil members in a 
direction parallel to the axis of said coil ele- 
ments and in an amount proportional to inten- 
sity variations of said intelligence, and an output 
coupled to said second coil member. 
2. A transducer for an intelligence signal and. 
an electrical wave having wavelength modula- 
tion proportional to variations in the intensity 
of said intelligence signal, comprising a first coil 
member having a plurality of coaxial cofl ele- 
ments axially arranged in spaced apart relation- 
ship and each defining a phase winding, a sec- 
ond coil member concentrically disposed and 
magneticaily coupled to said coil elements and 
movable relative thereto, a source of polyphase 
current having a frequency value equal to the 
frequency value of said electrical wave, means 
to apply a respective phase oÏ said polyphase 
current to each of said coaxial coil elements, a 
loudspeaker having a movable voice coil 
chanically coup]ed to said second cofl member, 
means to apply said intelligence signal to said 
loudspeaker fo produce relative motion between 
said first and second coil member in a direction 
parallel to the axis of said cofl elements and in 
an amount proportional to intensity variations 
of said intelligence signal, and an output circuit 
eoupled to said second cofl member. 
3. A transducer for an intelligence signal and 
an electrical wave having wavelength modula- 
tion proportional to variations in the intensity 
of said intelligence signal, comprising a first coil 
member having a pair of coaxial coil elements 
axially arranged in spaced apart relationship 
and each defining a phase winding, a solenoid 
concentrically disposed about said member and 
magnetically coupled to said cofl elements and 
movable relative thereto, a source of two phase 
current having a frequency value equal to the 
ïrequency value of said electrical wave, means to 
apply a respective phase of said two phase cur- 
rent to each of said coaxial coil elements, means 
to produce relative motion between said soie- 
noid and said member in a direction parallel to 
the axis of said coil elements and in an amount 
proportional to intensity variations of said in- 
telligence signal, and an output circuit coupled 
to said cofl member. 
4. A transducer for an intelligence wave and 
an electrical wave having wavelength modula- 
tion proportional to variations in the intensity 
of said intelligence, comprising a first coil mem- 
ber having a p]urality of coaxial cofl elements 
axiaily arranged in spaced apart relationship 
and each defn]ing a phase winding, a second cofl 
member concentrical]y disposed about said first 
coil member and magnetically coupled fo said 
cofl elements and movable relative thereto, a 
source oï polyphase current having a frequency 
value equal fo the frequency value of said e]ec- 
trical wave, means to app]y a respective phase 
oï said po]yphase current to each of said coaxial 
coil elements, motor means having a movable 
portion mechanical]y coupled to said second cofl 
member and adapted to produce relative motion 
between said first and second coil members in 
a direction parallel to the axis of said cofl ele- 
ments and in an amount proportional to inten- 
sity variations oï said intelligence wave, said 
movable portion of said motor means and said 
second coil member forming a mechanical sys- 



2,601,427 

rem having a natural resonant frequency lower 
than the lowest resonant frequency of said in- 
telligence wave, and an output circuit coupled 
to said second cofl member. 
E. G. BEARD. 5 
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